The effect of the red arecanut seed (RAS) 
acid, arachidonic acid, palmitic acid, oleic acid, and myristic acid, and linoleic acid), alkaloids (guvacine, isoguvacine, arecoline, guvacoline, arecaidine, and arecolidine) and tannins (tannic acid) groups [17] [18] [19] [20] [21] [22] . There is no report on red arecanut seed extract as a corrosion inhibitor for any metal in any system. Therefore, in the present study, we selected red arecanut seed and studied its constituent's inhibition role.
In the present investigation, the inhibition property of the red arecanut seed extract on aluminum metal in 0.5 M hydrochloric acid environment was tested by gravimetric (weight loss), potentiodynamic polarization (Tafel plot), AC impedance spectroscopy, scanning electron microscopy (SEM) and atomic force microscopy (AFM) techniques.
Materials and Experimental Sections 2.1 Materials and test solution
The test was performed on aluminum metal (A-63400) having the nominal chemical composition (in weight %), Mg 0.4-0.9, Fe 0.6, Cu 0.1, Si 0.3-0.7, Mn 0.3, Zn 0.2, Tl 0.1, Cr 0.2 and remainder Al. 0.5 M hydrochloric acid solution was prepared through standard procedure.
Preparation of inhibitor
The inhibitor is prepared from the red arecanut seed (see Fig. 1 ). Different chemical constituents from 130 grams of red arecanut seed powder was extracted by Soxhlet technique for 7 hours duration by using 470 ml of distilled water. The different concentrations such as 2 (g/L), 4 (g/L), 8 (g/L) and 12 (g/L) was prepared and applied for corrosion studies. The presence of functional groups in the red arecanut seed extract was analyzed through Fourier transform infrared spectroscopy technique. 
Weight loss technique
The cleaned Al specimens were suspended in 100 ml of 0.5 M HCl solution without and with the red arecanut seed extract of different concentrations. The test is performed at 303, 308,313, 318 and 323 K. The loss in the weight of Al metal was noted with respect to different immersion time intervals (1, 2,3,4,5, and 10 h) by removing the corrosion products on aluminum surfaces. The test is carried out 3 times to confirm the reproducibility of the results.
The electrode (aluminum) corrosion rate in mils penetration per year (mpy) was evaluated by following mathematical relation, 
Electrochemical measurements
To understand the nature of corrosion and corrosion inhibition process, the electrochemical test (CHI 660 C) was carried out with three electrode systems, in which aluminum metal served as working electrode; platinum electrode acts as auxiliary electrode and saturated calomel electrode worked as a reference electrode. Before taking any readings, the aluminum specimen was submerged in 0.5 M HCl solution in the absence and presence of different concentrations of red arecanut seed extract at the open circuit potential for about one hour in order to attain a steady stable state. The degree of potentiodynamic polarization curve (Tafel plots) was recorded at the applied potential range in between +200 mv to -200 mv with scan rate of 0.01 V/s. Nyquist plots were obtained by applying frequency in the range between the 100000 to 1 Hz with an amplitude of 0.01 V.
Surface study
The surface morphology of the aluminum specimen immersed in 0.5 M HCl solution in the absence and presence of the red arecanut seed extract for 2 h duration was examined through scanning electron microscopy (SEM) and atomic force microscopy (AFM) techniques.
Results and Discussion

Weight loss studies
From weight loss parameters (Tables 1 and 2 ), it is clear that, the protection efficiency of red arecanut seed extract gradually increases with increase its amount, while aluminum corrosion rate decreases. The increase in protection efficiency is due to increasing in the adsorption of plant extract molecules (red arecanut seed extract) on the surface of the aluminum. The adsorption of plant extract molecules on aluminum surface creates a protective film which prevents the further attack of hydrochloric acid solutions on metal surface.
(1) (2) It is also observed that, protection efficiency of red arecanut seed extract decreased with an increase in 0.5 M HCl solution temperature from 303 K to 323 K. An increase of 0.5 M HCl solution temperature increases the process of hydrogen gas evolution and hence metal dissolution rate increases. The decline in the protection efficiency values may be attributed due to reduced adsorption and increased desorption process, which is due to the high thermal motion of red arecanut seed extract molecules in 0.5 M HCl solution at elevated temperatures. This reflects the physical adsorption, which is associated with weak Vander Waals force existing between the red arecanut seed extract molecules and Al surface. The increase in the immersion time of Al metal in 0.5 M HCl solution increases the metal corrosion rate, which indicates the instability of protective film for the longer contact period. Activation energy (Ea*), activation enthalpy (∆H*) and entropy (∆S*) are required to understand the Al corrosion inhibition process. For these purposes Arrhenius plots (Fig. 2 , for activation energy) and transition state plots (Fig. 3 , for activation enthalpy and entropy) were used.
The activation The calculated values were tabulated in Table 3 . energy value in uninhibited 0.5 M hydrochloric acid is low compared to inhibited 0.5 M hydrochloric acid. The higher activation energy values in the presence of red arecanut seed extract molecules strongly support the results of weight loss studies and confirms the physisorption mechanism (protection efficiency decreases with an increase in 0.5 M HCl solution temperature).
The endothermic Al dissolution process in uninhibited 0.5 M HCl and inhibited 0.5 M HCl solution was confirmed by positive activation enthalpy values. The improvement of activation entropy values is an indication of a decrease in the disorderness of the system (when shifted from reactants to activated complex).
The adsorption isotherm models are required to understand the inhibition mechanism, which give details about the molecular interaction between active electrode surfaces and red arecanut seed extract molecules. In the present study, the results of weight loss studies are best fitted to the Langmuir adsorption model (Fig. 4) . The calculated parameters of the Langmuir adsorption model are placed in Table 4 . The high equilibrium constant of the adsorption process (K ads ) values indicates the strong adsorption of red arecanut seed extract molecules on aluminum surface in 0.5 M HCl system. The negative standard adsorption free energy (ΔG 
Electrochemical measurements 3.2.1 Potentiodynamic polarization (Tafel plot studies)
Tafel studies were carried out in order to investigate the effect of the red arecanut seed extract on cathodic and anodic reaction of aluminum. The various parameters obtained from polarization curves are placed in Table 5 . This indicates that, the shape of Tafel plots in unprotected system and protected system remains the same which indicates that, the addition of different amounts of red arecanut seed extract effectively hinders the corrosion current density values and did not change the aluminum corrosion inhibition mechanism process. The decrease in i corr values with improve in red arecanut seed extract concentration is due to enhanced blocked portion on the surface of the aluminum metal by red arecanut seed extract constituent's. Therefore, protection efficiency increases, whereas the corrosion rate decreases with an increase in the amount of red arecanut seed extract constituents.
The corrosion potential (E corr ) and anodic (β a ) and cathodic (β c ) Tafel constants not shifted towards any particular side is an evidence of mixed corrosion inhibition [24, 25] properties of red arecanut seed extract molecules on aluminum metal in 0.5 M HCl solution.
AC impedance spectroscopy technique
The various parameters obtained from Nyquist plots [26] [27] [28] [29] [30] (Fig. 6) were presented in Table 6 . The protection efficiency was determined by comparing the charge transfer resistance values without and with red arecanut seed extracts constituents as follows, The value of charge transfer resistance increases prominently and the value of double layer capacitance (C dl ) decreases with improvement in plant extract constituents in 0.5 M HCl solution, showing that plant extract species functions through adsorption at active aluminum -0.5 M HCl solution interface. The high charge transfer resistance values and low double layer capacitance values reflect the stumpy aluminum corrosion rate. Thus, a decline in aluminum corrosion rate and enhancement of adsorption occurs with the improve of red arecanut seed extract concentration. In the present study, the surface heterogeneity factor (n) values in the range 0.695-1, which clearly indicates that, inhibition of aluminium corrosion occurs via charge transfer phenomena. These results indicate the effective corrosion inhibition property of red arecanut seed extract for aluminum metal in 0.5 M hydrochloric acid solution. 
FT-IR spectroscopy
The presence of functional moieties in the red arecanut seed extract was identified through FT-IR spectroscopy technique and is shown in Fig. 7 and Table 7 . 
Scanning electron microscopy (SEM) technique
The morphologies of aluminum surface submerged in the 0.5 M hydrochloric acid corrosive system without and with red arecanut seed extract constituents are shown in Fig. 8 . The cracked aluminum surface in uninhibited hydrochloric acid solution indicates that, aluminum metal was badly corroded in the unprotected system by the hydrogen evolution process. But, in the case of inhibited hydrochloric acid solution, the cracked portions are changed to smooth layer which is due to coverage of red arecanut seed extract molecules on aluminum surface in 0.5 M HCl solution. Hence, a small aluminum portion is exposed to a corrosive solution.
Atomic force microscopy (AFM) technique
To support the SEM results, we also carried out AFM analysis and results are presented in Fig. 9 a, b and Table 8 . The reduction in the roughness values (both average and root mean square roughness) in the presence of the plant extract clearly indicates the inhibitory action of green species. 
Comparison
The maximum protection efficiency obtained from weight loss and electrochemical techniques is shown in Table 9 . From this table, it is clear that, the protection efficiency obtained from the gravimetric method is slightly different from the electrochemical methods. This is because; results obtained from the weight loss studies are reported as average values, whereas as electrochemical results are reported as instantaneous values. The weight loss studies were carried out for one hour duration and electrochemical studies are carried with a stabilization period of 30 minutes. The experimental condition of weight loss technique is different from electrochemical technique. These are the main reason for the observed deviation in the protection efficiency values.
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Conclusions
The red arecanut seed extract molecules showed the potential corrosion inhibition property on the surface of aluminum in 0.5 M hydrochloric acid environment. The efficiency of the red arecanut seed extract is increasing with increasing its amount in 0.5 M HCl solution. Slight desorption of red arecanut seed extract constituents on aluminum surface was observed with increasing solution temperature from 303 to 323 K, which indicates the physical adsorption process. Langmuir model is well fitted for studying system. The electrochemical results (both Tafel and AC impedance spectroscopy study) confirm the adsorption of red arecanut seed extract species at aluminumHCl system interface. The smooth aluminum surface topography (obtained from by SEM and AFM technique) in the presence of plant product supports the inhibitory action of green inhibitor (red arecanut seed extract).
